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ABSTRACT Hypotonic dilution of human peripheral blood lymphocytes
(PBL) induces large conductive permeabilities for K+ and Cl- , associated with
the capacity of the cells to regulate their volumes. When rapid cation leakage
is assured by the addition of the ionophore gramicidin, the behavior of the
anion conductance pathway can be independently examined . Using this tech-
nique it is demonstrated that the volume-induced activation of Cl- transport is
triggered at a threshold of-1 .15X isotonic cell volume. If the volume ofa cell
is increased to this level or above, the Cl- transport system is activated, whereas
if the volume of a swollen cell is decreased below the threshold value, the Cl-
transport is inactivated . Activation and inactivation are independent of the
relative volume changes and of the actual cellular Na', K', or Cl- concentra-
tions, as well as of the changes in membrane potential in PBL . When net salt
movement and thus volume change are inhibited by specific blockers of K+
transport (e.g ., quinine, or Ca" depletion), volume-induced Cl- conductance
shows a time-dependent inactivation, with a half-time of 5-8 min . The Cl-
conductance, when activated, appears to involve an all-or-none response. In
contrast, volume-induced K* conductance is a graded response, with the in-
crease in K+ flux being roughly proportional to the hypotonicity-induced
increase in cell volume . The data indicate that during lymphocyte volume
response in hypotonic media, anion conductance increases by orders of magni-
tude, exceeding the K' conductance, so that the rate of the volume decrease
(KCI efflux) is determined by a graded alteration in K' conductance . When the
cell volume approaches the isotonic value, it is stabilized by the inactivation of
the anion conductance pathway .
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INTRODUCTION
During the volume-regulatory response of lymphocytes to hypotonic media,
independent K+ and Cl- transport pathways are activated, allowing the release
of KCI and osmotically obliged water (Grinstein et al ., 1982a, b; Sarkadi et al .,
1984) . In the present paper the kinetics of opening and closing of these ionic
pathways are examined . As shown previously, the ionophore gramicidin greatly
increases the permeability of the lymphocyte membrane to small monovalent
cations and the volume changes then directly reflect the anion conductance of
the cell membrane . Simultaneous measurements of tracer K+ (Rb') and Cl-
fluxes can provide a complete picture ofthe ionic events duringvolume response .
MATERIALS AND METHODS
For the detailed description of the materials and methods used in these experiments, see
the preceding paper(Sarkadi et al ., 1984).
Membrane potential in peripheral blood lymphocytes (PBL) wasdetermined essentially
as described by Grinstein et al . (1982b). The fluorescent dye 3,3'-dipropylthiadicarbocy-
anine, referred to hereafter as diS-C345), or the carbocyanine dye, was added in a final
concentration of0.5 AM and the fluorescence was recorded in an Aminco-Bowman Ratio
Spectrofluorometer (Silver Spring, MD). The excitation and emission wavelengths were
620 and 670 nm, respectively . Calibration of the resting membrane potential of PBL by
valinomycin, as described by Grinstein et al . (1982b), gave values between -55 and -60
mV .
RESULTS
As previously reported, hypoosmotic shock of lymphocytes suspended in high-
K+ media induces an initial osmotic swelling caused by water equilibration,
followed by a secondary swelling caused by a rapid KCI influxgoverned primarily
by the inward Cl- gradient . Addition of gramicidin facilitates this response
(Grinstein et al ., 1982a, b), whileoligomycin blocks thesecondaryvolume changes
by inhibiting the volume-induced K+ and Cl- permeability pathways (Sarkadi et
al ., 1984) .
Fig. 1 shows the effect of decreasing osmolarity of high-K+ media on the
volume ofPBL, measured 10 min after changing the osmolarity . In the presence
of oligomycin the increase in cell volume is proportional to the decrease in the
tonicity of the media, which is consistent with simple osmometric behavior (water
equilibration with no net salt movement). In the control or gramicidin-treated
cells, tonicity values lower than 0.9X isotonic induce an additional component of
swelling because of KCI uptake . In the control cells this response increases
gradually at tonicity values below 0.85X isotonic, while in the presence of
gramicidin it rises more rapidly, especially at -0.8X isotonic . Since gramicidin
in the concentration applied (1 AM) produces an extremely rapid K' flux (see
Fig. 4, Sarkadi et al ., 1984), the more rapid volume changes in gramicidin-
treated cells indicate that the limiting factor in the rate of swelling in the control
cells is the K+permeability and that this limitation is largely removed by addition
of gramicidin . Consequently, the rate of swelling becomes limited by Cl- perme-
ability and gramicidin-treated cells can be used to assess the properties of the Cl-
transport pathway.SARKADI ET AL.
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The relative CI- conductance is low in resting cells (less than one-sixth that of
K+) but is greatly increased by as much as two orders of magnitude following a
substantial hypotonic shock (Grinstein et al., 1982b). The data of Fig. 1, however,
with a sharp break in the swelling curve for the control and gramicidin-treated
cells at tonicities between 0.9 and 0.85X isotonic, suggest that a threshold
phenomenon in the Cl- response may be involved.
This supposition was tested by experiments presented in Fig. 2. As shown by
the cell volume distribution graphs produced with the Coulter Channelyzer
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Volume changes of human PBL in hypotonic K+-rich media. Cell
volume was measured 10 min after placing the cells in media containing KCl as a
predominant salt with the tonicities indicated. Control (40); 0.5,M gramicidin (A);
5 fcgjml oligomycin (0).
(Coulter Electronics, Inc., Hialeah, FL), in isotonic cells the addition of grami-
cidin did not produce any change in the mean cell volume, while in 0.8X isotonic
media a single population of swollen cells could be seen. In contrast, exposure
of cells to 0.85X isotonic high-K+ media resulted after 10 min in the appearance
of two distinct cell populations. One population had essentially the same volume
distribution as all the cells immediately after the change of osmolarity, while a
second population had a distinctly higher mean volume, shifting to the right
(larger volumes) after longer periods of time. Slight modifications of the tonicity
of the media around 0.85X isotonic introduced large variations in the ratio of
the two populations as seen in the Channelyzer.
If gramicidin-treated cells suspended in choline-Cl (rather than KCl) are516
exposed to hypotonic shock, they initially undergo osmotic swelling, followed by
a shrinking phase that results in a return to about isotonic volume (see Grinstein
et al ., 1982c; Sarkadi et al ., 1984, Fig. 1) . The shrinking phase is associated with
a loss of KCl driven largely by the outward K+ gradient . The threshold for this
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FIGURE 2.
￿
Changes in cellular volume distribution ofhuman PBL, as depicted by
the Coulter Channelyzer system . The cells were incubated in media of the tonicities
indicated, which contained KCl as a predominant salt plus 0.5 AM gramicidin .
Measurements were carried out 0.5 (-) or 10 min (-
￿
) after placing the cells
into the media .
rapid shrinkage was also -0 .85x isotonic, and the development of two popula-
tions with different mean volumes could also be observed (data not shown) . It
can be noted, however, that because the Coulter Counter is more sensitive in
the higher cell volume range, the two populations are more readily discriminatedSARKADI ET AL.
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in the swelling type of experiment illustrated in Fig. 2. These observations on
cell swelling or shrinking suggest the presence of an all-or-none type of response
in the increased Cl- conductance of hypotonically shocked lymphocytes with a
threshold value of -0.85X isotonic media, that is, a cell volume of -1 .15x
isotonic value.
The effects of various experimental parameters on the activation and inacti-
vation of the volume-induced CI- conductance were examined. In the experi-
r
r
W
2A-
1.8-
1.2-
1.0-
Q8-
b-O 6-0-0-0 ISO
0.7k
ISO
N O.BM
ISO
1
￿
10-0-0-0 ISO
1
1
i
TIME (min)
20
FIGURE 3.
￿
Effects of the relative changes in the tonicities of the media on the
threshold forsecondary swelling in hypotonically shocked human PBL. The media
contained KCl as a predominant salt plus 0.5 1AM gramicidin. The tonicity was first
increased to 1.3x isotonic by the addition of adequate volumes of 1 M KCI, and
after 10 min the tonicity was decreased as indicated.
ments presented in Fig. 3, gramicidin-treated cells were first exposed to hyper-
tonic high-K+ media (1.3x isotonic) before application of a hypotonic shock. As
seen, the preincubation had no effect on the threshold for secondary swelling;
that is, the rapid increase in cell volume (reflecting high Cl- conductance) was
still initiated at 0.8-0.9x isotonic media. In similar experiments cells were pre-
exposed to media of 1.2-1.5x isotonic. In each case the Cl- conductance was
triggered at a tonicity of-0.85X isotonic (a cell volume -1 .15X isotonic). These
experiments show that preshrinking the cells to various degrees does not alter518
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the threshold for triggering of the Cl- conductance . Thus, the degree of dilution
or the amount of cell swelling per se is not a controlling factor but the effect
appears to be triggered at a particular osmolarity or cell size .
Osmolarity per se was eliminated as a controlling factor by the following
experiments (Fig . 4) . Cells were diluted in 0.7X isotonic medium . After their
return to their isotonic volume by a typical swelling and shrinking cycle, they
were diluted a second time by 30% (medium now 0.49X isotonic). They under-
went a second swelling and shrinking cycle that was almost indistinguishable
from the first (a third cycle usually could not be produced, presumably because
of the loss of most of the permeant anions from the cells) . If the once-cycled cells
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FIGURE 4 . Effects of repeated hypotonic dilutions on the volume changes in
human PBL . The media contained NaCl as a predominant salt . At the times
indicated by the arrows, the media were diluted by 30% with distilled water.
were placed ina K+-rich medium with gramicidin,the threshold for the secondary
swelling was similar to that shown in Fig . 2 for uncycled cells, at a cell volume
of 1 .15X isotonic value. This experiment suggests that osmolarity is not the
controlling factor . It also suggests that internal and external concentrations of
anions are not the triggering factors either, for they are reduced by at least 30%
before the start of the second cycle (see Grinstein et al ., 19826, c) . Furthermore,
it has been demonstrated that virtually complete replacement of internal K' by
Na' by preincubation with gramicidin in a K'}-free medium does not substantially
alter the secondary swelling following hypotonic shock (Grinstein et al ., 19826,
and confirmed in this study) . Nor does replacement of Na' by choline+ or Cl-SARKADI ET AL.
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by S04 or gluconate in the medium alter the kinetics of the volume response
(Grinstein et al., 1982b, c; Sarkadi et al., 1984).
The observations noted above appear to eliminate osmolarity, ionic strength,
external or internal ion compositions, and the initial cell volume as controlling
factors in activating the Cl- conductance in hypotonically shocked lymphocytes.
Rather, the event seems to occur whenever the cells swell to a volume of>1 .15X
the isotonic value. Furthermore, the Cl- conductance activated by cell swelling
appears to be inactivated when swollen cells shrink toward isotonic volume. As
already noted, when gramicidin-treated cells are suspended in choline-Cl and
exposed to hypotonic shock, the initial osmotic swelling is followed by a rapid
shrinkage, driven by the outward K+ gradient and terminating when the cells
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FIGURE 5.
￿
Effect of the restoration of the cell volume on the secondary swelling
of hypotonically shocked human PBL. The media contained KCI as a predominant
salt and 0.5 AM gramicidin. Isotonic medium (0); 0.7X isotonic medium (0). At the
times indicated by the arrows, adequate amounts of 1 M KCI were added to restore
isotonicity (0) or adjust the media to 1 .3X isotonic (A).
are of approximately isotonic size (Sarkadi et al., 1984). Under these conditions
the K+ permeability is high because of the presence of gramicidin. Consequently,
the termination of the shrinking process must indicate an inactivation of the Cl-
conductance. The inactivation is experimentally demonstrated in Fig. 5. Lym-
phocytes were placed in hypotonic (0 .7X isotonic) high-K+ media containing 1
AM gramicidin; thus, a secondary swelling of the cells occurred. After different
time intervals, the tonicity was rapidly increased by the addition of concentrated
KCI solutions and the changes in cell volume were followed. Because of the rapid
osmotic water equilibration, the cell volume could be rapidly adjusted. In this
and other similar experiments, if the cell volume was reduced below ^-1 .1-1 .15X
isotonic value, there was no rapid secondary volume increase, despite the contin-520
uous presence of gramicidin . If, on the other hand, the increase in tonicity of
the medium was insufficient to bring the cell volume below the threshold level,
rapid swelling persisted. These experiments suggest that increased Cl- conduct-
ance is terminated by a reduction of cell volume to a threshold value similar to
that required to trigger rapid Cl- transport .
In addition to the volume-dependent termination of Cl- conductance, a time-
dependent inactivation also occurs . This phenomenon can be observed if the
lymphocyte volume is kept constantly high (above threshold) by specifically
blocking volume-induced K* transport after a hypotonic shock . In the experi-
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￿
Effect of gramicidin on the shrinkage of hypotonically shocked human
PBL. The 0.7x isotonic media contained choline-Cl asa predominant salt plus 100
AM quinine . At the timesindicated by the arrow, 1 AM gramicidin wasadded to the
media. The open arrow indicates the addition of 50 ug/ml nystatin to the media.
ments represented in Fig . 6, PBL were placed into hypotonic choline-CI media
containing 100 AM quinine . In this case the initial osmotic swelling occurs, but
because of quinine inhibition ofK+ transport (Armando-Hardy et al ., 1975), no
regulatory volume response is observed . The addition of gramicidin, neverthe-
less, produces a rapid shrinkage of the cells, which indicates the presence of a
high Cl- conductance (see Fig . 1, Sarkadi et al ., 1984). If gramicidin is added at
various times after the hypotonic shock, the conductance is maximal for 5-6 min
but diminishes rapidly between 8 and 10 min and practically disappears by 10-
15 min (Fig. 7), even though the cell volume greatly exceeds the threshold value
noted above. The lack of response after I0-15 min appears to be due to low CI-
permeability because addition of nystatin, a nonselective ionophore (which in-
creases membrane permeability to Na', K', and Cl- butmuch less for choline{'),
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to the lymphocytes after 25 min results in a rapid shrinkage of the cells, even
though they are unresponsive to gramicidin (which increases thepermeability to
Na' and K+ but not Cl-). A similar, time-dependent inactivation of the Cl-
conductance was observed ifthe gramicidineffect was examined inCa2'-depleted
PBL in which volume-induced K+ transport is practically absent (Grinstein et al.,
19826; Sarkadi et al., 1984). Such depleted cells remain swollen after exposure
to hypotonic media, but reshrink after addition ofgramicidin. Delayed addition
of the antibiotic produced progressively less shrinkage in a hypotonic choline-Cl
medium, similar to the quinine experiment of Fig. 6, which indicates the time
inactivation of hypotonicity-induced Cl- conductance (data not shown). This
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FIGURE 7.
￿
Percent of Cl- channels open after hypotonic shock of human PBL.
Thecalculations were based on experimental data such as shown in Fig. 6.
experiment indicates that the inactivation ofthe Cl- system illustrated in Figs. 6
and 7 is not due to any delayed effect of quinine.
The osmolarity- and time-dependent activation and inactivation of Cl- con-
ductance could also be followed by membrane potential measurements. As shown
in Fig. 8, the changes in the fluorescence of the carbocyanine dye diS-Cs-(5)
indicate a significant depolarization of the PBL membrane after cell swelling
following hypotonic dilution in a NaCl medium. As analyzed by Grinstein et al.
(19826), the osmotic swelling results in an increase in conductive permeabilities
to K+ and Cl-, but the conductance to Cl- considerably exceeds that to K'.
Consequently, because Ec, is more positive than Em in the resting cells, the cells
become depolarized. As demonstrated in Fig. 8, restoration of isotonicity, and
therefore of cell volume, results in an immediate repolarization (trace 2). A
slower spontaneous repolarization of the cells remaining in hypotonic media can522
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also be observed (trace 3) . After this spontaneous repolarization has occurred,
restoration of isotonicity has only a negligible effect on membrane potential .
Gramicidin, by increasing both Na' and K+ permeabilities, induces a rapid
depolarization of the cell membrane . Addition of oligomycin C (1 /M), an
inhibitor of the CI- pathway (Sarkadi et al ., 1984), prevents hypotonicity-induced
depolarization but does notaffect the gramicidin-induced potential changes (data
not shown) .
In contrast to the threshold type of response found for Cl-, the volume-
induced increase in K+ (Rb+) permeability appears to involve a graded response :
DISCUSSION
TIME
FIGURE 8.
￿
Changes in the membrane potential of PBL as measured by the car-
bocyaninedye diS-Cs-(5) . The media contained NaCl as a predominant salt, 2 X 106
PBL/ml,and 0.5 AM dye . Afterfluorescence reached a steady state value, themedia
were diluted 30% with isotonic solution or with distilled water . The symbols "+iso"
and "re-iso" represent the addition of 5 volume percent of isotonic buffer or
concentrated NaCl to restore isotonicity, respectively . The final concentration of
gramicidin was I ttM . The traces are representative of three similar experiments .
the conductance, as assessed by measuring 16Rb+ efflux from hypotonically
shocked lymphocytes, increases with the degree of swelling (Fig . 9), which
confirms the volume-response data reported by Cheung et al . (1982) . The
restoration of the cell volume by the addition of concentrated salts (which
terminates the increased Cl- conductance ; Fig . 5) only partially reduces the
activated Rb+ flux .
In this paper we demonstrate that the activation of the Cl- conductance by
hypotonic shock in PBL involves an all-or-none type of switching phenomenon .SARKADI ET AL.
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Above a distinct threshold cell volume (1 .15X isotonic value), the Cl- conduct-
ance is very high, while below this volume Cl- conductance is very low. Factors
such as ionic strength, osmolarity, external or cytoplasmic ion concentrations,
the amount of volume change, or the membrane potential (which is substantially
different in gramicidin-treated cells suspended in Na'- or K''-rich media), do not
control the activation of the Cl- conductance. General changes in cytoplasmic
pH can also be excluded because none were observed during hypotonic volume
regulation (Rink et al., 1983). The activation of Cl- conductance occurs when
the cells swell to a finite volume. Furthermore, inactivation occurs when swollen
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FIGURE 9.
￿
Effect of various hypotonic dilutions of human PBL on the rate of
B'Rb+ efflux. The media contained KCl as a predominant salt plus 0.5 mM ouabain.
Isotonic medium (0); 0.8X isotonic (p); 0.7X isotonic (p); 0.5X isotonic (O); 0.5X
isotonic (0), restored to isotonic by the addition of concentrated KC1 after I min
incubation.
cells shrink to a similar or slightly lower volume (Fig. 5). Thus, the mechanism
acts like a reversible on-off switch that operates at a given cell volume. At around
this threshold volume, a population response can be observed (Fig. 2) with certain
cells that show no secondary swelling response, whereas others swell substantially.
Thus, particular cells appear to be switched on or off independently. Such a
behavior can be interpreted to indicate the presence of a small number of highly
conductive "channels" in the cell membrane (see Latorre and Miller, 1983). The
difference in the activated or nonactivated cells may be based on the statistical
distribution of channels with various sensitivities to the given trigger and the524
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response is either maximum opening or no opening at all. The actual number of
transporters necessary to accomplish the anion flow may be very small. If, for
example, channels are involved, which have the same conductance for Cl- as
gramicidin does for Na' or K+, only a few (five to six) channels per cell would
be required to account for the 2-min half-time of Cl- efflux .'
The Cl- conductance of isotonic cells is very low, so that gramicidin treatment
results in no measurable volume changes (there is, however, a substantial non-
conductive anion exchange flux, with a half-time of -15 min; Grinstein et al .,
19826) . It can be estimated that the hypotonic shock increases the Cl- conduct-
ance by at least 100-fold, and that above the threshold size, this conductance
appears to be fully turned on, regardless of the degree of hypotonicity (or cell
swelling) . The half-time for shrinking of hypotonically shocked, gramicidin-
treated cells (suspended in 0.7X isosmotic choline-CI) is -2 min or less (Sarkadi
et al ., 1984). The same half-time is found if Cl- efflux is directly measured
(Grinstein et al ., 19836; Sarkadi et al ., 1984), with no apparent difference at
tonicities between 0.7 and 0.5X isotonic (data not shown). It must be noted,
however, that the present techniques for volume and flux measurements cannot
accurately resolve rates with half-times of <2 min, so the question of the Cl-
conductance being fully turned on at any volume above the threshold cannot be
unequivocally answered based on these data .
As shown by the membrane potential measurements of Grinstein et al . (19826)
and by the data presented in Fig . 8 of this paper, hypotonic shock induces a
rapid depolarization of the PBL membrane . Since the resting potential in these
cells is about -50 to -55mV and reflects mostly a K' distribution potential (see
Grinstein et al ., 19826), depolarization must indicate an increased Cl- conduct-
ance significantly overriding K' conductance (Ec, is more positive than Em , and
Na' conductance is practically unchanged) . The membrane potential changes
demonstrated in Fig . 8 further indicate an osmolarity- and time-dependent
variation in Cl- conductance of the PBL membrane .
In contrast to the volume-induced Cl- conductance change, hypotonicity-
induced K' conductance is definitely a graded type of response : decreasing
osmolarities in the media continuously increase the rate of K+ movement (Fig .
9, and previous observations by Cheung et al ., 1982, and Deutsch et al ., 1982).
Even with large dilutions, however, the K+ fluxes are considerably lower than
the Cl- fluxes . For example, at 0.5X isotonic media the half-time for K' efflux
is ^-8-10 min, compared with <2 min for CI- efflux . The shutting off of the K'
pathway during cell shrinkage does not follow the same pattern as the Cl-
pathway . For example, if swollen cells are returned to isotonic size after 1 min
of hypotonic shock by the addition of salt (Fig . 9), the Rb+ flux is reduced by
^-40% but is still about four times the normal flux, whereas the CI- flux is
' The magnitude ofK+ flux through gramicidin channel is ^-10' ions/s at 0.1 M salt concentra-
tion, 200 mV potential, and 25°C, as measured in artificial black lipidmembranes (Finkelstein
and Anderson, 1981 ; Pressman, 1976) . Thus, a 60 mmol K* loss/liter ofPBL (5 X 10" cells)
in 2 min (during RVD, a similar loss of Cl- occurs) would require the functioning of six
gramicidin channels per cell .SARKADI $T AL.
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reduced to very low values (Fig. 5). Thus, the reduction of K fluxes appears to
be largely time dependent and only partially volume dependent.
Given the described characteristics of the K+ and Cl- conductive pathways,
their role in the volume-regulatory phenomenon can be described. In the isotonic
cell the anion conductance is very low and acts to limit the salt and volume
changes that could be driven by the outward K' or by the inward Na* gradients.
After hypotonic swelling (of >15%), two apparently independent systems are
triggered that are relatively quiescent in the isotonic cell (Grinstein et al., 1982a-
c; Sarkadi et al., 1984), namely conductive K' and Cl- transport pathways. The
former involves a graded response, roughly proportional to the degree of
swelling, and the latter is apparently an all-or-none response triggered at a
particular cell volume (1 .15x isotonic). Once triggered, the CI- conductance
considerably exceeds the K+ conductance, so the latter process becomes the rate-
limiting step in the loss of KCl and osmotically obliged water. For this reason,
the rate of cell shrinking is also a graded response, almost proportional to the
amount of dilution and cell swelling (Cheung et al ., 1982; Deutsch et al., 1982).
As the cells approach isotonic size, the K+ fluxes decrease and the rate of
shrinking also decreases. When the cells reach near the isotonic size, the Cl-
pathway shuts off and the rate of shrinking falls to a low level, so the final volume
is usually a little larger than the isotonic size. At this point the Cl- conductance
is again the limiting factor for volume change. Another possible controlling
factor is the timed shut-off of the C1- conductance that occurs between 6 and 10
min after osmotic swelling at room temperature (Figs. 7 and 8). Its importance
in volume regulation is not clear, for under the conditions of the experiments
described in this paper, most of the volume-regulating phase is complete by 10
min.
The triggering event is not known for either the K* or Cl- conductance. The
former may be mediated by a localized release of intracellular Cas+ (Grinstein et
al., 1982a; Sarkadi et al., 1984) and may involve mechanisms similar to Cay+-
mediated K+ transport, the "Gardos phenomenon," described in several cell
membranes. If so, the connection between hypotonic swelling and Cat' release
is not known.
As to the trigger for Cl- conductance, it has already been noted that no factors
have been identified except cell size (volume). Factors that appear to be elimi-
nated include ion composition, ionic strength (or osmolarity), the amount of
swelling, cytoplasmic pH, and membrane potential. We have also examined the
effects of noradrenalin, carbamylcholine, dibutyril-CAMP, and ionophore
A23187 as possible inducers of Cl- conductance, but none of these compounds
produced any appreciable change in the Cl- conductance of isosmotic lympho-
cytes. Modulators of the cytoskeleton such as colchicine and cytochalasin B were
also without effect (data not shown). When isolated, sealed vesicles were prepared
from thymocyte plasma membranes, the volume-induced increase in ion perme-
abilities was lost and could not be reactivated (Grinstein et al., 1983). Thus, at
present we have no serious lead in this respect.
For the possible in vivo physiological significance of the volume-induced ion
transport pathways, we can offer only speculative theories at present. The system526 THEJOURNAL OF GENERAL PHYSIOLOGY " VOLUME 83 - 1984
is most probably inherited from the early stages of evolution when cells had to
be protected against large changes in the osmotic concentrations in their sur-
roundings . In humans, relatively modest changes in tonicity ofbody fluids may
also occur, so that some capacity for rapid cell volume regulation may be
important . In general, however, in the well-regulated milieu of human blood, a
volume-stabilizing mechanism of such large capacity certainly has no major role .
Selective changes in K+ or Cl- conductance of the lymphocyte membrane may
be important in producing sudden alterations in the membrane potential . This
value in the resting lymphocytes is about -30 to -50mV (Deutsch et al ., 1979 ;
Grinstein et al ., 1982b) . A selective increase in the K+ conductance would result
in a K* potential ofabout -70 mV, while a selective increase in Cl- conductance
would result in a membrane potential of about -30 mV (see Grinstein et al .,
1982b) . Such potential changes may be involved in the initiation of cell multipli-
cation by mutagenic agents, associated with an increased calcium entry and
stimulation ofa rapid K' transport (Freedman, 1979 ; Segel et al ., 1979 ; Lichtman
et al ., 1980 ; Szasz et al ., 1981 ; Deutsch and Price, 1982 ; Kaplan, 1979 ; Tsien et
al ., 1982) .
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